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1

Abstract2

We present results on the inclusive and identified (pion, kaon, proton and their an-3

tiparticles) charged-particle production in single diffractive (SD) dissociation process in4

proton-proton collisions at
p

s = 200 GeV with the STAR detector at RHIC. The forward-5

scattered proton is measured in the Roman Pot (RP) system, while the charged particle6

tracks are reconstructed in the STAR Time Projection Chamber. The proton-antiproton7

production asymmetry is measured to study the baryon number transfer over a large8

rapidity interval in SD process. In addition, K/π ratio is measured, showing a larger9

strangeness production at pT > 0.5 GeV/c compared to measurements in inclusive proton-10

proton collisions.11

1 Introduction12

The yields of charged-hadrons emitted in high-energy particle collisions are among basic ob-13

servables used to study Quantum Chromodynamics in both perturbative and non-perturbative14

regimes. The most significant contribution to the number of produced particles comes from15

soft interactions, which are usually modeled phenomenologically. In this paper we present16

studies for a class of pp collisions, p + p → p + X , where X denotes the hadronic final state17

produced in the interaction due to dissociation of the beam proton, in which other of the col-18

liding protons escapes the collision intact at a very small angle and is measured in the Roman19

Pot (RP) system. Experimentally diffractive events are often defined as the events with large20

rapidity gaps, which are not exponentially suppressed. However experiments equipped with21

tracking detectors in RP for detecting forward scattered protons use a more strict definition in22

terms of a leading proton taking a large fraction of the beam proton momentum. We also study23

anti-proton to proton multiplicity ratio as a function of the particle transverse momentum, pT24

and the relative energy loss of the forward-scattered proton, ξ. This study aims toward a25

better understanding of the baryon number transfer in single diffractive (SD) process. Since26

most of the baryons are created as baryon-anti-baryon pairs in the hadronization process, it is27

expected that the same amounts of baryons and anti-baryons should be observed in the central28

rapidity region, and the initial baryon number should appear in the very forward direction. In29

addition we measure kaon to pion multiplicity ratio. Such ratio is sensitive to the strangeness30

production in the fragmentation process. Strangeness production in inclusive pp collisions31

was observed to be significantly suppressed compared to up and down quarks production [1].32
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2 RESULTS

2 Results33

The STAR experiment [2] at RHIC has performed a high-statistics measurement of the SD pro-34

cess in pp collisions based on a sample collected in 2015 at the center-of-mass energy
p

s = 20035

GeV corresponding to an integrated luminosity of 15 nb−1. The comparison to the corrected36

data distribution is done for several Monte Carlo (MC) generators: the 4C tune of PYTHIA 8 [3]37

with SaS (Schuler and Sjöstrand) [4] model, version 7.1 of the HERWIG generator [5] which38

includes a new model for soft interactions and diffraction [6], the EPOS [7] tuned to LHC39

data (EPOS-LHC) [8]. In addition all results are compared to the alternative A2 tune [9] of40

PYTHIA 8, with the MBR (Minimum Bias Rockefeller) model [10] and to MBR expectation41

without arbitrary suppression of the cross section at relatively large values of ξ (MBR-tuned).42

EPOS predicts a very large contribution of the forward protons well separated in rapidity from43

other final state particles from non-diffractive events. Therefore, for the comparison with data44

EPOS-LHC predictions are separated into two classes: EPOS-LHC SD, with diffractive flag, and45

EPOS-LHC SD′, with non-diffractive flag. For the purpose of this measurement, EPOS SD′ sam-46

ple is selected by requirement that the mass of the excited beam remnant is low (< 1 GeV),47

and only proton is produced from it while EPOS ND consists of other non-diffractive events.48

STAR Preliminary
STAR Preliminary

STAR Preliminary
STAR Preliminary

Figure 1: Primary charged-particle multiplicities shown in three ranges of the ξ:
(top left) 0.02 < ξ < 0.05, (top right) 0.05 < ξ < 0.1, (bottom left) 0.1 < ξ < 0.2.
(bottom right) The mean multiplicity 〈nch〉 as a function of ξ. Data are shown as full
dots with error bars representing the statistical uncertainties. Gray boxes represent
statistical and systematic uncertainties added in quadrature. Predictions from MC
models are shown as histograms or the open symbols. The bottom panels show ratios
of data to the MC models predictions. In the ratio plots and in the 〈nch〉 distribution,
points representing different MC models are spread within bins for better visibility.

In Fig. 1 we show multiplicity distributions of charged particles in different intervals of49
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2 RESULTS

ξ as well as the average values of nch in those ξ ranges. Data exhibit an expected increase50

of the 〈nch〉 with ξ due to the larger diffractive masses probed at increasing ξ in SD process.51

The shapes of the measured distributions are reproduced reasonably well by all models except52

the EPOS-LHC (SD+SD′), which predicts much smaller 〈nch〉 at ξ < 0.1 and the HERWIG SD,53

which for 0.1 < ξ < 0.2 predicts too large 〈nch〉. It should be noted, that EPOS-LHC SD′54

describes data much better compared to EPOS-LHC (SD+SD′).55

We compare present measurement of charged particle density with non single diffractive56

enhanced (NSD) measurements. For this comparison present results were extrapolated from57

the fiducial |η| < 0.7 region to midrapidty region ηm = − ln(
p

s/MX ). Extrapolation was per-58

formed based on model implemented in PYTHIA 8 and includes also correction for nch = 159

events not included in present measurement. Figure 2 shows densities of charged-particles at60

midrapidity as a function of
p

s and MX for NSD enhanced measurements and present results,61

respectively. SD points lay very well on the power-like fit to the NSD enhanced measure-62

ments [11] showing similarity of charged particle densities at midrapidity between SD and63

NSD enhanced measurements.
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Figure 2: Primary charged particle densities at mid-rapidity as a function of
p

s
and MX for inelastic (non single diffractive (NSD) enhanced) and single diffractive
measurements respectively. The dashed line represents power-law fit to the NSD-
enhanced measurements [11].

64

The left panel in Fig. 3 shows the ratios of production yields of p̄/p in three intervals of65

ξ as a function of pT . In the last two ξ ranges, data are consistent with equal amounts of p66

and p̄ with no pT dependence. However, in the first ξ range at pT < 0.7 GeV/c, data show67

a significant deviation from unity indicating a large transfer of the baryon number from the68

forward to the central region. PYTHIA 8, EPOS-LHC SD′ and EPOS-LHC (SD+SD′) agree with69

data in the last two ξ ranges. In the first ξ range, PYTHIA 8 and EPOS-LHC SD′ predict small70

deviation from unity by ∼ 5%, which is smaller than ∼ 15% observed in data, while EPOS-71

LHC (SD+SD′) predicts larger deviation by ∼ 25%. HERWIG SD predicts much larger baryon72

number transfer compared to data in all three ξ ranges. This observation is caused by the fact,73
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3 CONCLUSION

that HERWIG SD is effectively an extreme realization of the model in which there is almost74

always a baryon present at gap edge. Significant increase of p̄/p ratio with increasing ξ is75

related to the fact that the gap edge is further away from the fiducial η region at larger ξ.76
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Figure 3: Ratio of production yields of p̄/p as a function of pT shown in three
ranges of ξ: (top left) 0.02 < ξ < 0.05, (middle left) 0.05 < ξ < 0.1, (bottom
left) 0.1 < ξ < 0.2. Ratio of production yields of

�

K− + K+
�

/
�

π− +π+
�

as a func-
tion of pT shown in three ranges of ξ: (top right) 0.02 < ξ < 0.05, (middle right)
0.05 < ξ < 0.1, (bottom right) 0.1 < ξ < 0.2. Data are shown as full dots with
error bars representing the statistical uncertainties. Gray boxes represent statistical
and systematic uncertainties added in quadrature. Predictions from MC models are
shown as open symbols.

The right panel in Fig. 3 shows the ratios of production yields of (K+ + K−)/(π+ + π−)77

in three intervals of ξ as a function of pT . The ratio increases from 0.05 at pT = 0.3 GeV/c78

to 0.22 − 0.28 at pT = 0.65 GeV/c. The slope of the pT dependence significantly increases79

at pT = 0.5 GeV/c in all three ξ intervals. The change of the pT slope increases with ξ. All80

models predict very similar (K++K−)/(π++π−) ratio except HERWIG, which predicts almost81

twice larger value independently from pT . PYTHIA 8 and EPOS-LHC agree very well with data82

at 0.3< pT < 0.5 GeV/c but do not expect a change of the slope of pT dependence at pT > 0.583

GeV/c predicting rather almost twice smaller ratio at the highest pT value.84

3 Conclusion85

Primary-charged-particle multiplicities are well described by PYTHIA 8 and EPOS-LHC SD′86

models. EPOS-LHC SD and HERWIG 7.1 do not describe the data. Similarity between the dis-87

sociation of a diffractively produced system of mass MX and the hadronization of the system re-88

sulting from non-diffractive pp collisions at
p

s ≈ MX was shown. p̄/p production ratio shows89

a significant deviation from unity in the 0.02 < ξ < 0.05 range indicating a non-negligible90

transfer of the baryon number from the forward to the central region. Equal amounts of pro-91

tons and antiprotons are observed in the ξ > 0.05 range. PYTHIA 8 and EPOS-LHC SD′ agree92

with data for ξ > 0.05. For 0.02 < ξ < 0.05 they predict small deviations from unity (0.93),93

however even larger effect is observed in the data (0.86±0.02). This observation is consistent94

with increase of the baryon number transfer to the central rapidity region with decreasing95
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ξ expected from Ref. [12] where an extra baryon can appear close to the rapidity gap edge96

(so called backward peak). At pT > 0.5 GeV/c, the measured (K+ + K−)/(π+ + π−) ratio is97

significantly larger compared to inclusive inelastic measurements in pp or p̄p collisions. This98

excess is not predicted by any model. It can be due to the smaller ss̄ suppression in fragmenta-99

tion process (factor 0.2 in PYTHIA 8) in diffractive system and pT kicks during string(cluster)100

breaking producing ss̄ is larger compared to uū or dd̄ production.101
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